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INTEGRATED SYSTEM FOR
COMMUNICATION AND SENSING FOR
DISTRIBUTED ANTENNA SYSTEMS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 16/442,383 entitled “INTEGRATED SYSTEM FOR
COMMUNICATION AND SENSING FOR DISTRIB-
UTED ANTENNA SYSTEMS,” and filed on Jun. 14, 2019,
which claims priority to U.S. Provisional Application No.
62/684,983 filed on Jun. 14, 2018, the entirety of each which
are hereby incorporated by reference herein.

TECHNICAL FIELD

The subject matter described herein relates to communi-
cation and sensing, and more particularly to an integrated
system for communication and sensing for a distributed
antenna system.

BACKGROUND

Many buildings today include systems that enhance wire-
less communications within the building. These systems
could be radio frequency (RF) repeater-type systems, Dis-
tributed Antenna Systems (DAS), small cells and other
solutions. The types of wireless signals that may be
enhanced using these types ol systems include cellular
systems, Wi-Fi1 systems and Public Safety systems. In par-
ticular, Public Safety systems are being deployed more
frequently as fire code requirements become increasingly
more stringent.

In addition to enhancement systems for wireless commu-
nications, there 1s also rapid growth in so-called smart
buildings. A smart building 1s any structure that uses auto-
mated processes to automatically control the building’s
operations including heating, ventilation, air conditioning,
lighting, security and other systems. A smart building uses
sensors, actuators and microchips, 1 order to collect data
and manage 1t according to a business’ functions and ser-
vices. This mirastructure helps owners, operators and facil-
ity managers improve asset reliability and performance,
which reduces energy use, optimizes how space 1s used and
mimmizes the environmental impact of buildings.

This level of automation coupled with the requirements
for wireless enhancement systems leads to extremely com-
plex 1in-building systems to connect all of the devices
together. Various techniques have been considered to mini-
mize this complexity including, wireless mesh networking
techniques such as ZigBee and Bluetooth Low Energy
(BLE), as well as wired technmiques such as Power Line
Communications (PLC). However, systems to reduce the
complexity of building automation and systems 1mproving
RF signal quality 1n a building have typically not been
integrated.

SUMMARY

This document presents an-building integrated commu-
nication and sensing system and method that generates a
map view of a building based on a distributed antenna
system located therein, and shows sensor data of one or
more sensors associated with each antenna. The sensors
sense a condition or environment associated with the build-
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ing. These systems and methods reduce the complexity of
smart building systems, among other features.

In one aspect, a system for communicating and sensing,
for distributed antennas associated with a building includes
a plurality of antennas distributed geographically within the
building. Each of the plurality of antennas includes one or
more sensors. Each of the one or more sensors 1s configured
to sense an environmental condition associated with the

building and generate sensor data. Each of the plurality of
antennas further includes a communication module to trans-

mit the sensor data. The system further includes a signal
distribution network configured to communicate the sensor
associated with each of the plurality of antennas from the
communication module. The system further includes a sen-
sor processor configured to receive the sensor data and
generate a digital map view of a portion of the building
based on locations of the plurality of antennas, the map view
including a digital representation of the sensor data.

In some other aspects, a method for communicating and
sensing for distributed antennas associated with a building
includes the step of sensing, by one or more sensors asso-
ciated with each of a plurality of antennas distributed
geographically within the building, an environmental con-
dition associated with the building and generate sensor data.
The method further includes transmitting, by a communi-
cation module of each of the plurality of antennas, the sensor
data to a signal distribution network, and receirving, by a
sensor processor associated with the plurality of antennas,
the sensor data from the signal distribution network. The
method further includes generating, by the sensor processor,
a digital map view of a portion of the building based on
locations of the plurality of antennas, the map view includ-
ing a digital representation of the sensor data.

Implementations of the current subject matter can include,
but are not limited to, methods consistent with the descrip-
tions provided herein as well as articles that comprise a
tangibly embodied machine-readable medium operable to
cause one or more machines (e.g., computers, etc.) to result
in operations implementing one or more of the described
teatures. Similarly, computer systems are also described that
may 1nclude one or more processors and one or more
memories coupled to the one or more processors. A memory,
which can include a non-transitory computer-readable or
machine-readable storage medium, may include, encode,
store, or the like one or more programs that cause one or
more processors to perform one or more of the operations
described herein. Computer implemented methods consis-
tent with one or more implementations of the current subject
matter can be implemented by one or more data processors
residing in a single computing system or multiple computing
systems. Such multiple computing systems can be connected
and can exchange data and/or commands or other instruc-
tions or the like via one or more connections, including but
not limited to a connection over a network (e.g. the Internet,
a wireless wide area network, a local area network, a wide
area network, a wired network, or the like), via a direct
connection between one or more of the multiple computing
systems, €eftc.

The details of one or more variations of the subject matter
described herein are set forth in the accompanying drawings
and the description below. Other features and advantages of
the subject matter described herein will be apparent from the
description and drawings, and {from the claims.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, show certain
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aspects of the subject matter disclosed herein and, together
with the description, help explain some of the principles

associated with the disclosed implementations. In the draw-
ngs,

FI1G. 1 shows a system consistent with implementations of
the current subject matter;

FIG. 2 shows a smart antenna of a distributed antenna
system, consistent with implementations of the current sub-
ject matter; and

FIG. 3 1s a flowchart of a method of determining a
position of a first responder 1n a building, where the first
responder 1s using a radio.

When practical, similar reference numbers denote similar
structures, features, or elements.

DETAILED DESCRIPTION

In accordance with some 1implementations, a system 100
1s shown 1n FIG. 1. The system 100 includes one or more
smart antennas 104 connected to one or more signal sources
102 through a common physical communication medium
such as a coaxial cable or a fiber optic cable. The system 100
turther 1ncludes a sensor processor 108 connected with
signal source 102 and the smart antennas 104 via the
communication medium.

As shown 1n FIG. 2, one or more of the smart antennas
104, and preferably all of the smart antennas of the system
100, include one or more sensors 202 for sensing a local
environment, activity, or feature to produce sensor data,
which can be received and processed by sensor processor
108 or local sensor processor 204. The sensor data can also
be sent to one or more destinations using the shared common
physical communication medium, or signal distribution net-
work, as well as one or more antennas 208 or smart antennas
104 that may radiate the communication signals from the
one or more signal sources 102.

In some implementations, the communication medium 1s
a RF mesh network such as ZigBee or BLE. The sensors 202
include capabilities to sense environmental conditions that
may be of interest to building occupants like first responders,
such as firefighters. These conditions may include, without
limitation, carbon monoxide concentration, temperature, air
quality, ground or building movement, and the like.

In some preferred exemplary implementations, the system
1s configured to generate a digitally-produced map view of
a building or floor that indicates a position of each antenna,
and shows the sensor readings associated with each antenna.
In some 1mplementations, a user interface 1s provided to
allow a user to select or indicate which sensor readings
should be shown. In yet other implementations, the system
100 1s configured to only show sensor readings that exceed
a predefined threshold, 1n time units or in quantifiable units.
Such a map view may be locally accessible at the system 100
or remotely via, for example, a web interface via signal
source 102.

FIG. 3 1s a flowchart illustrating a method 300 of com-
municating and sensing for distributed antennas associated
with a building. At 302, one or more sensors associated with
cach of a plurality of antennas distributed geographically
within the building sense an environmental condition asso-
ciated with the building and generate sensor data. At 304, a
communication module of each of the plurality of antennas
transmits the sensor data to a signal distribution network. At
306, a sensor processor associated with the plurality of
antennas receives the sensor data from the signal distribution
network. At 308, the sensor processor generates a digital
map view ol a portion of the building based on locations of
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the plurality of antennas, the map view including a digital
representation of the sensor data.

One or more aspects or features of the subject matter
described herein can be realized in digital electronic cir-
cuitry, integrated circuitry, specially designed application
specific 1ntegrated circuits (ASICs), field programmable
gate arrays (FPGAs) computer hardware, firmware, sofit-
ware, and/or combinations thereof. These various aspects or
features can include implementation in one or more com-
puter programs that are executable and/or interpretable on a
programmable system including at least one programmable
processor, which can be special or general purpose, coupled
to receive data and instructions from, and to transmit data
and 1instructions to, a storage system, at least one 1nput
device, and at least one output device. The programmable
system or computing system may include clients and serv-
ers. A client and server are generally remote from each other
and typically interact through a communication network.
The relationship of client and server arises by virtue of
computer programs running on the respective computers and
having a client-server relationship to each other.

These computer programs, which can also be referred to
programs, soltware, software applications, applications,
components, or code, include machine instructions for a
programmable processor, and can be implemented 1n a
high-level procedural language, an object-oriented program-
ming language, a functional programming language, a logi-
cal programming language, and/or in assembly/machine
language. As used herein, the term “machine-readable
medium” refers to any computer program product, apparatus
and/or device, such as for example magnetic discs, optical
disks, memory, and Programmable Logic Devices (PLDs),
used to provide machine instructions and/or data to a pro-
grammable processor, including a machine-readable
medium that receives machine instructions as a machine-
readable signal. The term “machine-readable signal” refers
to any signal used to provide machine instructions and/or
data to a programmable processor. The machine-readable
medium can store such machine instructions non-transito-
rily, such as for example as would a non-transient solid-state
memory or a magnetic hard drive or any equivalent storage
medium. The machine-readable medium can alternatively or
additionally store such machine instructions in a transient
manner, such as for example as would a processor cache or
other random access memory associated with one or more
physical processor cores.

To provide for interaction with a user, one or more aspects
or features of the subject matter described herein can be
implemented on a computer having a display device, such as
for example a cathode ray tube (CRT) or a liquid crystal
display (LCD) or a light emitting diode (LED) monitor for
displaying information to the user and a keyboard and a
pointing device, such as for example a mouse or a trackball,
by which the user may provide mput to the computer. Other
kinds of devices can be used to provide for interaction with
a user as well. For example, feedback provided to the user
can be any form of sensory feedback, such as for example
visual feedback, auditory feedback, or tactile feedback; and
input from the user may be received 1 any form, including,
but not limited to, acoustic, speech, or tactile input. Other
possible mput devices include, but are not limited to, touch
screens or other touch-sensitive devices such as single or
multi-point resistive or capacitive trackpads, voice recogni-
tion hardware and software, optical scanners, optical point-
ers, digital image capture devices and associated interpre-
tation software, and the like.
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In the descriptions above and 1n the claims, phrases such
as ““at least one of” or “one or more of”” may occur followed
by a conjunctive list of elements or features. The term
“and/or” may also occur 1n a list of two or more elements or
features. Unless otherwise implicitly or explicitly contra-
dicted by the context in which it used, such a phrase is
intended to mean any of the listed elements or features
individually or any of the recited elements or features 1n
combination with any of the other recited elements or
teatures. For example, the phrases “at least one of A and B;”
“one or more of A and B;” and “A and/or B” are each
intended to mean “A alone, B alone, or A and B together.”
A similar interpretation 1s also intended for lists including
three or more items. For example, the phrases “at least one
of A, B, and C;” “one or more of A, B, and C;” and “A, B,
and/or C” are each intended to mean “A alone, B alone, C
alone, A and B together, A and C together, B and C together,
or A and B and C together.” Use of the term “based on,”
above and 1n the claims 1s intended to mean, “based at least
in part on,” such that an unrecited feature or element 1s also
permissible.

The subject matter described herein can be embodied in
systems, apparatus, methods, and/or articles depending on
the desired configuration. The implementations set forth in
the foregoing description do not represent all implementa-
tions consistent with the subject matter described herein.
Instead, they are merely some examples consistent with
aspects related to the described subject matter. Although a
few variations have been described in detail above, other
modifications or additions are possible. In particular, further
features and/or variations can be provided in addition to
those set forth herein. For example, the implementations
described above can be directed to various combinations and
subcombinations of the disclosed features and/or combina-
tions and subcombinations of several further features dis-
closed above. In addition, the logic flows depicted 1n the
accompanying figures and/or described herein do not nec-
essarily require the particular order shown, or sequential
order, to achieve desirable results. Other implementations
may be within the scope of the following claims.

What 1s claimed 1s:

1. A system for communicating and sensing for distrib-
uted antennas associated with a building, the system com-
prising:

a plurality of antennas distributed geographically within
the building, each of the plurality of antennas having
one or more sensors, each of the one or more sensors
being configured to sense an environmental condition
associated with the building and generate sensor data,
cach of the plurality of antennas further having a local
sensor processor configured to process the sensor data
and a communication module to transmit the sensor
data;

a signal distribution network comprising a common
physical communication medium shared by the plural-
ity ol antennas and a radio frequency mesh network
between the plurality of antennas and the central sensor
processor, the signal distribution network being con-
figured to communicate the sensor data associated with
cach of the plurality of antennas and 1its associated one
or more sensors from the communication module;

a central sensor processor configured to receive the sensor
data from the local sensor processor or the communi-
cation module of each of the plurality of antennas, and
generate a digital map view of a portion of the building
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based on a location 1n the bwlding of each of the
plurality of antennas, the digital map view including a
digital representation of the sensor data;

and

a user interface configured to receive the sensor data

and/or digital map view from the common physical
communication medium or the radio frequency mesh
network and display the digital map view of the portion
of the building, the user interface being configurable to
display selected sensor data in the portion of the
building based on user selection.

2. The system 1n accordance with claim 1, wherein the
central sensor processor 1s connected with all of the plurality
ol antennas via the signal distribution network.

3. The system 1n accordance with claim 1, wherein the
environmental condition includes one or more of carbon
monoxide concentration, temperature, and air quality.

4. The system 1n accordance with claim 1, wherein the
environmental condition includes one or more of ground
movement and building movement.

5. A method of communicating and sensor data sensed by
a plurality of antennas associated with a building, the
method comprising:

sensing, by one or more sensors associated with each of

a plurality of antennas distributed within the building,
one or more environmental conditions associated with
the building;

generating, by at least one of the plurality of antennas,

sensor data, the plurality of antennas being intercon-
nected and connected with a central sensor processor
by a signal distribution network;

recerving, by a central sensor processor associated with

cach of the plurality of antennas, the sensor data from
the signal distribution network;

generating, by the central sensor processor, a digital map

view ol a portion of the building based on a location 1n
the building of each of the plurality of antennas, the
digital map view including a digital representation of
the sensor data:;

transmitting, via the signal distribution network, the sen-

sor data to a user interface; and
displaying, in the user interface, the digital map view of
the portion of the building, the user interface being
configurable to display selected sensor data in the
portion of the building based on user selection,

wherein the signal distribution network comprises a com-
mon physical communication medium shared by the
plurality of antennas and a radio frequency mesh net-
work between the plurality of antennas and the central
SeNSOr Processor.

6. The method 1n accordance with claim 5, wherein the
sensor data 1s communicated via the common physical
communication medium or the radio frequency mesh net-
work.

7. The method 1n accordance with claim 5, wherein the
central sensor processor 1s connected with all of the plurality
ol antennas via the signal distribution network.

8. The method 1n accordance with claim 5, wherein the
one or more environmental conditions include one or more
of carbon monoxide concentration, temperature, and air
quality.

9. The method 1n accordance with claim 5, wherein the
one or more environmental conditions include one or more
of ground movement and building movement.
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